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14 SUMMARY
I 1. t has previously been noted that guinea pigs protectdd against many times the

lethal dose of GD by pre-treatment with a carbamate, supported by atropine therapy,

F had virtually no measurable acetylcholinesterase act-4 ity in the brain although

the animals appeared normal. The object of the pregant investigation was to

establish whether animals surviving poisoning by GD were normal, mentally and

U physically. Since behavioural studies cannot b done with guinea pigs, a dose /

schedule was devised to protect rats (which are resistant to organophosphate
T-_ poisoning and also resistant to therapy forihat poisoning) against GD poisoning.

The animals retained about 10% of the braip acetylcholinesterase activity 24 hours
after poisoning. boq. o/

Significant change in the behavio L of the animals was observed 48 and 96 hours
IIIi after poisoning. The rats appeared t be fully recovered 14 days after poisoning.

P . The regeneration of brain acety holinesterase activity to within the normal

limits occurred within 6 to 8 week. Plasma and erythrocyte acetylcholinesterase

activity, which was depressed to simiiar extent to brain 24 hours after

poisoning recovered'very much mo/e rapidly.

The implications of these results are discussed.

I

(Sgd) L. LEADBEATER

Superintendent

Biology Division
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and

L. LEADBEATER

L INTRODUCTION

During studies of the protection of guinea pigs against GD poisoning by

1! carbamate prophylactic treatment (1.2), it was observed that animals protected

against as much as eight times the LD50 of GD appeared to be quite normal 24 hours

after poisoning. GD-inhibited acetyicholinesterase (AChE, EC 3.1.1.7) ages rapidly

and cannot be reactivated by oximes (3.4). Thus it seemed possible that animals

- surviving poisoning by GD would have little or no acetylcholinesterase activity in

,U their tissues. Preliminary experiments have confirmed that guinea pigs surviving

Ij poisoning by 2.3 x LD50  of GD have less than 10% of the normal tissue AChE

activity. In view of the central role ascribed to AChE in nervous transmission, it

was of great importance to establish whether the animals surviving GD poisoning,

with greatly reduced brain AChE levels, were in fact normal, physically and

mentally.

Preliminary studies using conditioned avoidance and the spontaneous activity

tests, as well as an attempt to devise a "startle xesponse" test, confirmed that

guinea pigs are not suitable subjects for behavioural studies. It was therefore

necessary to establish a drug regimen which would protect rats against GD poisoning.

K Rats as a species are relatively unresponsive to nerve agent poisoning and to

Vtreatment against such poisoning, hence a treatment schedule was devised which gave

[a reasonably high proportion of survivors with not more than a slight degree of

retention of brain AChE activity. Behavioural studies have been performed on rats

protected against poisoning by lethal doses of GD and parallel studies of the AChE

Sactivity of brain and blood were also made.
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METHODS

Animals

Male rats of initial body weight 180-220 g were used.

Materials

GD (at least 95% pure), pyridostigmine and P2S were synthesised within the

Establishment. Atropine sulphate was obtained from BDH Limited. Solutions were

made in isotonic saline (0.85% NaCl) and administered in a volume of 1 ml per kg.

Treatment of Rats.

Rats were treated in groups of four. They were given P2S (15 mg per kg, i.m.)

followed by pyridostigmine (0.05 mg per kg, i.m.) 10 minutes later. GD (200 jig per

kg, approximately twice the LD5, soco) was given 15 seconds later followed by U,-
intramuscular therapy with P2S (15 mg per kg) mixed with atropine sulphate (17.4 mg

per kg) at the earliest signs of organophosphate poisoning. Additional doses of V
atropine sulphate (booster atropine) were administered (iopo) when needed, according

to the severity of the signs of poisoning. (The use of the i.m. route for booster

atropine was not practicable because of the greater strength of the booster dose

solutions, Attempts to use the subcutaneous route at this stage were unsuccessful,

since tissue reaction was caused at the sites of injection. The intraperitoneal LI
route was free from that disadvantage.) The first booster dose of atropine (139 mg

of P2S and atropine. If the signs of poisoning, after becoming transiently more

marked, did not begin to moderate after 5 min, a second booster dose was given,

otherwise a second dose was given in the event of a relapse. In some instances a

third booster of atropine was necessary, but none of the rats used were given more

than three booster doses in all. The proportion of rats surviving poisoning when

given this treatment varied from group to group but over the whole investigation the

survival rate was 62%.

Because of the large amounts of atropine administered to the GD treated rats

(even where only one booster dose was found necessary) it was important to perform L
behavioural tests on rats treated with similar doses of atropine, in the absence of

GDo Rats for these purposes were first given P2S and pyridostigmine, as in the full

treatment, followed by P2S an'd atropine 3 min after the pyridostigmine, and were

then given booster doses of atropine 1 min (70 mg per kg) 15 min (105 mg per kg) and i

30 min (70 mg per kg) after the P2S - atropine injection.
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Measurement of AChE activity

Rats were killed by exposure to fluothane. The brain was removed, washed in

0.85% NaCI to remove traces of blood, drained and weighed. It was then homogenized
in isotonic saline using a glass-teflon homogenizer and the homogenate was dispersed

into a total volume of 10 ml of saline,

u Blood was drawn into a heparinized tube by cardiac puncture. It was

centrifuged at 2000 x g for 5 min and the plasma removed and stored at 0-40C, The

erythrocytes were washed twice in isotonic saline and the packed cells were

haemolysed by addition of 0.2 ml of 10% saponino The haemolysate was made up to the

i original blood volume with 0.85% NaClo

AChE activity was escimated at 370 by the Warburg manometric technique (5) in

[ a medium containing NaHCO 3 (Oo027M) under 5% C02 /95% N2o The amounts of tissue used

per vessel were: 0.1 - 0,5 ml plasma, 0.5 - 1.0 ml erythrocyte haemolysat and 0.5 -

2,0 ml brain homogenate, the exact amount depending upon the extent of the inhibi-

tion anticipated. Acetylcholire chloride was added, after equilibration of the

I vessels, from the side arm in 0.2 ml solution to give a final concentration of

1OO2 M (brain and erythrocyte) or 0.03 M (plasma). The total volume of solution

and tissue preparation was adjusted to 3.0 ml with isotonic saline.

AChE activities were expressed as pmol acetylcholine hydrolysed per 30I' minutes per mg (wet weight) brain or per ml of blood,

LBehavioural Tests
In each test three groups of animals were used:

A. untreated animals

B. animals treated with P2S,pyridostigmine and atropine, and

C. animals protected against GD poisoning.

The rats were tested at 48 hours, 96 hours and 14 days after poisoning.

The behavioural tests chosen were:

L, The open field test (6). This test was origi:.ally designed to measureui emotional activity in rats but ir gives several useful measures of behaviour.

It has been used successfully to detect small behavioural changes produced by

a variety of drugs acting on the central nervous system (7, 8),
2, Sponta..ous locomotor activity. Changes in locomotor activity are often

seen during depression or stimulation of the CNS. This test was only employed

fi on the 48 hour group of rats. (Unfortunately the apparatus broke down and it
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was not available for the 96 hour and 14 day experiments.)

3, Conditioned avoidance behaviour in a shuttle box There is good

evidence to suggest cholinergic involvement in conditioned behaviour (9, 10,

11) and depression or stimulation of the CNS via other mechanisms are often
reflected as changes in conditioned behaviour.

4o Rotarod test This is a useful means of quantifying physical incapacita-
tion.
Each animal was examined in the tests in the order described, '

Testing procedure

1L Open field, The apparatus was similar to that previously described (8).

The animals were placed in the open field for a 3 minute period and the U
following items of behaviour were scored:

Preening, rearing, number of times defecating, and the number of floor [J
squares traversed in the central area of the field,

2. Spontaneous locomotor activity. Activity recording cages were xsed which

measured the movement of rats across a grid floor by detecting small changes
in the electrical impedance caused by changing patterns of feet on tne bars.

Each animal was allowed 60 minutes in the activity box, the activities scored

in 5 minute intervals were recorded and the mean activity plotted for each

group .

3, Conditioned avoidance, The shuttle box apparatus used in this experiment

has been described previously (8). Rats were trained to make the response of

crossing from one side of the shuttle box to the other when presented with an
audible signal (conditioned stimulus), in order to avoid an electric shock

which followed it (unconditioned stimulus). A total of 80 training trials

(i~e, 50 presentation of the signal followed by shock) in one 30 minute

session were given to each rat. The total number of conditioned avoidance

responses made during this session were computed and the number of occasions

on which animals ,failed to cross the shuttle box even when shock was presented

(termed failures) were also noted,, The former gives a measure of learning

ability and probably also of behavioural arousal, whilst a high failure score,

gives a measure of behavioural depression or physical incapacitation.

4, Rotarod, The rotarod apparatus used consisted of a rubber covered rod of

diameter 10 cm, rotating at a speed of 12 Hz, Each rat was placed on the
. rotating rod and replaced if it fell. Control animals rapidly learned to walk L
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in order to stay on and by plotting falls a minute for 10 minutes a learning

curve was obtained. Ataxia and other forms of physical incapacitation

produced changes in the shape and level of the learning curve.

RESULTS

Acetylcholinesterase Activity of the Tissues

Little AChE activity was present in the brains of animals 24 hours after GD

poisoning (Table 1). The proportion of AChE activity remaining was variable, the

_ L(  mean being 13.9% of the control value. Similar results were found for erythrocyte

AChE but appreciably greater amounts of plasma cholinesterase were retained.

The recovery of AChE activity in rats after poisoning is shown in Figures 1-3.

The recovery of plasma cholinesterase was extremely rapid, rising to the normal

I control level in 3 days. The recovery of erythrocyte AChE activity was slightly

less rapid. An interesting feature of the results for both erythrocytes and plasma

L is that activities continued to rise to temporarily much higher values than the

normal levels. Over the eight week period of the experiment, the control values for

Lboth plasma and erythrocyte rose by 48-50%.

Brain AChE activity recovered at a very much slower rate than that of blood.

I; It was 6 weeks before values came back to within the normal limits. In this case,

the temporary rise to super normal values was not observed, the activity tending to

L level off after 6 weeks.

Behavioural Studies

V 1. Open Field Tests

The results of the open field test on normal control (A), itropine control (B)
and GD treated animals are shown in Table 2. Severe depression of most types of

behaviour was seen at 48 hours and to a slightly lesser extent at 96 hours after GD
poisoning. The behavioural effects seen were typical of depression of the CNS and

included reduced preening, rearing, ambulation and defecation. Fourteen days after

poisoning there was an unexpected increase in the defecation score and a reduced

ambulation. It is important to note here that there was also a significant difference

in ambulation scores between the two control groups, apparently due to an

unusually high score in the untreated control group (A).

2, Spontaneous locomotor activity

This parameter was only measured in animals tested 48 hours after poisoning.

The two control groups did not differ from each other but the GD poisoned rats had
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activity scores that were significantly lower (Student's t test, P <o0l) from both

the control scores over the period up to 30 min after introduction into the box, U
3. Conditioned Avoidance

Large reductions in the conditioned avoidance response were seen in GD

poisoned animals when tested at 48 or 96 hours after exposure (Table 3). Not only

was the learning behaviour depressed but general behavioural depression or physical

incapacitation was evident by the high failure scores in the GD groups at these times,

However, after 14 days there was no significant difference between the GD treated

and the control animals, although a suggestion of a remaining depression could be

seen in their scores,.

4o Rotarod

In Figure 4 and Table 4 and 5, three statistical comparisons are made, First,

comparisons were made of the mean falls in the first minute of training and also of

the total falls over the 10 min period. These give measures of physical incapacita-

tion, the first one containing little or no learning component. Also a statistical

comparison of the slopes was made to compare the learning ability under physical

incapacitance, thus providing a measure of the degree of the effect. It may be

possible, for example, for ataxic rats to learn to overcome their disability and H
produce a learning curve that is not significantly different from a control one,

but which is comprised of a greater total number of falls than a control curve, 

Thus, the slope for the 48 hour group is not different from that of the controls but U
the mean of the first minute falls and of the total number of falls are significantly

different from those of both the control groups The 96 hour slopes are all [
similar but the total number of falls shown in the GD poisoned groups is significan-

tyhigher than in the control., In the 14 day group none of the comparisons l

showed significant differences between the groups.

AChE activities in Rats used for Behavioural Tests

Brain AChE estimations were performed on a representative sample of the rats

immediately after they had been tested in the behavioural experiments for both

control and GD treated animals (Table 6), The data for the AChE activity from GD

poisoned rats were consistent with those found previously (Figure 1) although the

brain AChE activity of the 96 hour survivors was markedly below that found

previously The results for the atropine controls were not significantly

different from the normal controls at any of the time intervals employed,
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DISCUSSION

There were significant changes in the behavioural pattern of rats 48 and 96
, hours after poisoning by GD. These changes had largely disappeared 14 days after

poisoning, the only significant differences seen between GD poisoned and control

animals at that stage was in the open field test. There was a significant increase

Li in defecation and a significant decrease in ambulation. As the direction of the

change in the first parameter was opposite to that previously observed it is

I difficult to assess its importance but it is unlikely to be related to the treatment

which the animals had received. The decrease in ambulation was only significant

J' when compared with one of the two control groups in the experiment in which the

j ambulation score was unusually high. Physical incapacitation, measured by ther rotarod technique, followed a similar time course to the behavioural changes, the

' animals being completely normal 14 days after poisoning.

It is tempting to speculate that the changes in the behavioural activity of

the animals is related to the tissue levels of AChE. However the data presented

here and by other workers (12) cannot support such a correlation. In the present

L work the AChE activity was measured on homogenates of whole brain. To attempt to

correlate changes in tissue AChE activity with behaviour the experiments must be

Hi repeated measuring the AChE activity in discreet functional areas of a brain. It

should be borne in mind that GD can inhibit a number of enzymes of importance in
fl metabolism of the brain (13) and therefore the severe depression of the AChE activity

may only be an index of the penetration of GD into the brain tissue.

m The recovery of brain AChE activity after GD poisoning followed a similar

time course to that reported previously for rats chronically exposed to GB vapour

(14). In the present experiments the recovery of erythrocyte and plasma AChE

activity was very much more rapid than was reported in the GB experiments. The

temporary super normal values of blood AChE activity on recovery from nerve agent

poisoning was greater after GD than was found after GB poisoning.

The rotarod experiments demonstrated that the animals poisoned by GD were

ataxic for up to at least 4 days after poisoning but that they had recovered

completely at 14 days. This result suggests that GD poisoning has no permanent

effect, that it is not neurotoxic. However it must be borne in mind that the

animals ured in these experiments were only poisoned by about twice the lethal dose

of GD whereas it is now possible to protect animals (and probably man) against up

to 20 or more times the LD50  of GD.

FThese experiments with rats recovering from poisoning by relatively low doses
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of GD support the data reported for humans poisoned by low doses of organophosphates

(15, 16, 17): namely, that recovery, both mental and physical, is complete after

a period of about 14 to 21 days. The evidence of depression of the CNS in GD

poisoning may have important implications for the management of casualties following

a CW attack, This series of experiments was essentially of a preliminary

character to point the way to a future programme to establish the behavioural effects I
of poisoning by a variety of nerve agents over a wide range of dose levels in animals

protected by a variety of treatments, including carbamate prophylaxis supported by

anti-acetylcholine drugs. oxime and anti-convulsant therapy. Further experiments are

also required to establish whether the changes in the behavioural activity of the

animals can be related to the depression of the brain AChE activity.

CONCLUSIONS

1, Significant behavioural changes were observed in rats 48 and 96 hours after

poisoning by 200 Vg GD per kg. The animals appeared to be fully recovered 14 days I
after poisoning.

2. Blood and brain AChE activities were depressed by about 90% in rats 24 hours

after poisoning by GD (200 Vg per kg). Regeneration of brain AChE activity to

within the normal limits occurred in 6 to 8 weeks, Plasma and erythrocyte activities

recovered much more rapidly.
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iil TABLE 1

Ii AChE activities of tissues from surviving rats, 24 hrs

after GD poisoning, compared with normal rats

AChE activities

TNo. of Mole ACh/30 m/mg or ml %rats Mean, with controlused Range standard
deviation

Control 9 4.30-5.60 5.02
[!_ ±0.44

Brain 13.9

Ii 0.70 1.Poisoned 20 0.34-1.75 ±0.27

Control 10 139-264 ±36.9

Ery throcy tes 2 13.5

Poisoned 4 12,0-44.0 2.
~Ii ± 12.6

Control 10 135-252 201
+34.4

Plasma 32.4

Poisoned 4 43.0-105 65±19.3

I
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3 TABLE 2

Behavioural tests on rats recovering from GD poisoning:

The Open Field Test U

Time after poisoning 48h 96h 14 days

Control (A) fI2'
X 1 NS INS SQ+

Control (B) I

GD Group

X P+SQ+ R+SQ+ D+SQ+

Control (A)

GD Group

X P+D+SQ+ NS NS

_ _Control (B)_

NS No significant differences

+ Significant increase

4 Significant decrease

P Preening SQ Number of squares traversed

R Rearing D Times defecating

Control (A) Untreated animals

Control (B) Rats treated with pyridostigmine, P2S and j
atropine

GD Group Animals protected against GD poisoning by f
pyridostigmine, P2S and atropine treatment.
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TABLE 5
U !Behavioural tests on rats recovering from GD poisoning: rotarod

test, a comparison of the learning curves

*1 U
'i

Time after No. of GradientL poisoning Animals animals (±S.D)

Control (A) 10 3.64 ± 2.19

48 hr Control (B) 10 3.96 ± 2.42

GD ",oup 10 5.12 ± 4.76

Control (A) 8 2.34 ± 1.71

96 hr Control (B) 8 3.15 ± 2.55

GD Group 9 2.10 ± 2.70

Control (A) 8 3.29 ± 2.06

14 days Control (B) 9 4.68 ± 3.04

GD Group 7 4.17 ± 2.80

There was no significant difference between the gradients of
the learnings curves of any of the 3 group at the 3 times they
were measured.

Control (A) Untreated animals
Control (B) Rats treated with pyridostigmine, P2S and atropine
GD Group Animals protected against GD by pyridostigmine, P2S

and atropine treatment
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TABLE 6

Brain AChE activity in rats immediately after

the behavioural tests

Animals Time After No. of AChE Activity
Treatment animals (uMoles ACh/30 min/mg)

Range Mean ± S.D % Control

Control (A) 6 6.37-7.89 7.01 ± 0.75 100

Control (B) 6 6.04-7.47 6.65 ± 0.55 95.1 f j

GD Group 48 hr 6 2.06-2.88 2.37 ± 0.37 33.5

GD Group 96 hr 4 0.60-0.90 0.72 ± 0.05 10.3 Ii
GD Group 14 days 5 1.84-3.97 2.74 0 0.90 39.4 j

Control (A) Untreated animals I

Control (B) Rats treated with pyridostigmine, P2S and atropine

GD Group Animals protected against GD poisoning by pyridostigmine

P2S and atropine treatment

t
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